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2355associated with SCD were detected by an ECG and
would have been missed by only a screening history
and physical examination.
This analysis exhibits the rather vague nature and
low yield of screening questionnaires. More than one-
third of athletes reported at least 1 positive cardiac
symptom or family history response. The American
Heart Association recently expanded their primary
recommendations for screening from a 12-point to a
14-point assessment (2). However, simply asking
more questions is unlikely to improve detection of
athletes at risk when the sensitivity and speciﬁcity of
the tool itself have considerable limitations.
SCD in NCAA athletes is more frequent than initial
estimates, with an overall incidence of 1:43,000, with
male basketball players having the highest risk of SCD
at 1:7,000 athletes per year (1). Strong consideration
must be given to implementing improved models of
prevention.
Accurate interpretation of an athlete’s ECG
requires proper training and experience. The false-
positive rate in this study was only 2.2%, and
approximately 1 in 4 athletes with abnormal ECG
ﬁndings were found to have a cardiac disorder asso-
ciated with SCD. Physician expertise, cardiology,
and institutional resources vary among NCAA in-
stitutions, which will affect both the capacity and
ability to implement ECG screening. Thus, the ﬁnd-
ings of this study may not be applicable to insti-
tutions with less experience. If an ECG is included in
the cardiovascular screening of athletes, it must be
interpreted with modern standards that distinguish
physiological cardiac remodeling from ﬁndings sug-
gestive of underlying cardiac pathology and be con-
ducted with adequate cardiology oversight and
resources to assist with the secondary investigation
of ECG abnormalities.
Screening history questionnaires have a high
response rate, and their value in the detection of
athletes at risk when used as the sole screening
tool is uncertain. ECG screening increases the
ability to identify athletes with disorders associated
with SCD and thus meet the primary objective of
pre-participation screening. An integrated cardio-
vascular screening that includes an ECG should be
considered best practice for the pre-participation
evaluation of college athletes.*Jonathan A. Drezner, MD
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Should Be Stratiﬁed
According to the State of
Cardiomyocytes Within
the Ischemic RegionWe read the article by Fernández-Jiménez et al. (1)
published in the Journal with great interest. The in-
vestigators conclude that the evolution of myocardial
edema within a week after ischemia/reperfusion (I/R)
follows a bimodal pattern: T2 relaxation times and
water content reach the highest level at 2 h of reper-
fusion in the ischemia area, decrease to the lowest at
24 h, and rise to a peak again on day 7.
Myocardial edema, namely a bright signal intensity
zone on T2-weighted short tau inversion recovery
cardiac magnetic resonance, is referred to as an area
at risk that consists of irreversible and reversible
injured tissue. The cardiomyocytes located in the
irreversible region are necrotic and unsalvageable.
Irreversible region is surrounded by a reversible re-
gion encompassing cells that are integrated without
membrane disruption and can recover structure and
function after reperfusion. A severe degree of edema
will overwhelm the necrotic cells when reperfusion is
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2356performed for their defective sarcolemmal mem-
brane, which fails to control the volume of ﬂuids and
electrolytes (2). Combined with contrast delayed-
enhancement cardiac magnetic resonance to locate
and quantify infarct zone, it is feasible to identify the
salvageable myocardium as the area at risk minus
infarct size (3). As the state of cardiomyocytes is
different in salvageable and infarct regions, the
edema might follow disparate evolution patterns, so
it is of great necessity to stratify them to obtain
curves exhibiting speciﬁc regions.
As Fernández-Jiménez et al. (1) put it, “the ﬁrst
wave appears abruptly upon reperfusion and dissi-
pates at 24 h.” We quite agree with this phenomenon,
which is also observed in our research (4). We notice
that diastolic wall thickness signiﬁcantly increased
at early reperfusion, dropped sharply to nearly
normal at 24 h and remained constant until day 7 as is
shown in Figure 3 of Fernández-Jiménez et al. (1). It is
obvious that an abrupt elevation and absorption of
overloaded ﬂuids after ischemia/reperfusion forms
such a wave of diastolic wall thickness that is
consistent with the ﬁrst wave of T2 relaxation times.
However, we do not think it is appropriate to draw
the conclusion that the second wave is also developed
by edematous reaction.
Although edema might be generated by the
subsequent inﬂammatory response and myocardial
water content accumulates gradually, it is not the
predominant factor that elevates T2 relaxation times
of the ischemic tissue during the period from 24 h to
day 7. Foltz et al. (5) consider that T2 relaxation
ﬂuctuates with edema and hemoglobin oxidative
denaturation to methemoglobin in acute reperfused
hemorrhagic infarction, which is similar to the
bimodal pattern reported by Fernández-Jiménez et al.
(1). Compartmentalized deoxyhemoglobin and met-
hemoglobin are paramagnetic and would greatly
reduce T2 relaxation, whereas decompartmentalized
methemoglobin due to erythrocyte rupture is char-
acteristic of diamagnetism and would extend T2
relaxation time. Despite the different occlusion times
in these 2 articles (1,5), both of them occur with
intramyocardial hemorrhage, as is shown in Figure 3A
of Fernández-Jiménez et al. (1): hypointensity within
edematous tissue. In terms of amplitude of variation
in a different time, T2 relaxation time is more signif-
icant than water content in the myocardium.
Taking the edematous region as a whole without
differentiating the components within it, we ﬁnd that
T2 relaxation ﬂuctuations follow a bimodal pattern.
However, this curve does not exactly show evolution
of myocardial edema. To acquire more accurate
change curves reﬂecting the speciﬁc state ofcardiomyocytes, we should stratify the edema region
into salvageable and infarcted zones, or simply
edematous and hemorrhagic zones.Bing Zhang, MD
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2006;56:1311–9.REPLY: Myocardial Edema Should Be
Stratiﬁed According to the State of
Cardiomyocytes Within the Ischemic RegionWe read with great interest the letter from Dr. Zhang
and colleagues commenting on our recently pub-
lished work (1). Noninvasive evaluation of myocardial
edema has become possible with the development of
T2-weighted and lately T2-mapping cardiac magnetic
resonance sequences able to detect changes in tissue
water content (2,3). Interestingly, although edema is
deﬁned as an abnormal water accumulation within a
tissue, it is well known that T2 relaxation properties
of myocardium are affected by other factors besides
water content such as hemorrhage or microvascular
obstruction, among others (4). Evaluation of tissue
water content by a reference standard is therefore
necessary for detecting, quantifying, and tracking the
